economic hydrocarbon reservoir has been found in the northeastern Binbei district. Its thermal history, extraordinary features that make the thermal history an the Nenjiang formations have been discovered in more than the only question to be further specified. Limited research using vitrinite reflectance (R o ) and clay minerals indicate Pet.Sci
1 Introduction tectonic evolution. It controls source rock maturation, hydrocarbon generation, migration and accumulation, and also influences the late-stage variation of trapped used to trace sedimentary provenance and to quantitatively constrain the thermal history of sedimentary basins (Miller and Duddy, 1989; Resak et al, 2010; Danišík et al, 2010) .
Binbei district should be further considered because most of the thermal data sets are from the north of the central denudation during the inversion stage of the basin. But very history mainly due to the shortage of sedimentary records evolutionary history (65-0 Ma) by traditional methods (Lu et al, 2000; Yu et al, 2005) . Whether or not it has undergone the same tectonic evolutionary history as the southern part targeted and sedimentary samples of late Cretaceous from R o for hydrocarbon exploration and tectonic evolution.
Geologic setting
basins (an area of 26×10 4 km 2 petroleum industry and in the advancement of non-marine petroleum geologic theories (Yang et al, 1985; Yang, 1985;  part of the CDZ (Lu et al, 2000) . Abundant hydrocarbons have been found in the south, but only limited hydrocarbons have been found in this district. 
F4
The Central Depression
T h e W e s t S lo p e Z o n e T h e N o r t h e a s t U p li f t e d Z o n e
The Northern Plunge Zone A B N Beijing that of the Songliao Basin, can be classified into Jurassic rifting, early Cretaceous subsidence and late Cretaceousmostly of thick coal-bearing lacustrine and volcanic rocks that are controlled by syn-depositional faults (Fig. 2) . It has been extensively studied due to the discovery of the big Qingshen rifting sequence (late Cretaceous) is made up of the upper Cretaceous Qingshankou, Yaojia and Nenjiang Formations, and sandstone according to both the numerous exploration Drilling Songke-I borehole (Wu et al, 2008; Formations provide the most important source rocks and Pet.Sci.(2013)10:314-326 1985; Hou et al, 2004; Feng et al, 2010a) .
migration of the subsidence and depositional centers (Yang et period (Song, 1997; Xiang et al, 2010) . Structures in the NUZ in the WSZ are only mildly inverted (Song, 1997).
Sampling and methods
depositional ages ranging from 73 Ma to 94.3 Ma according to biostratigraphic and paleomagnetic study (Feng et al, According to the result (Fig. 4) , the geothermal gradient is mean annual land surface temperature in the basin ranges on mineral chemistry and cooling rate (Laslett et al, 1987 ; The Northern Plunge Zone The Central Depression Zone Fig. 3 Stratigraphic column and elements of the petroleum system in the Songliao Basin. 1: Volcanoclastic rocks; 2: Conglomerate; 3: Sandy conglomerate; 4: Sandstone; 5: Sandy shale; 6: Shale; Dep. Age: the minimum depositional ages according to Wu et al (2008) and Feng et al (2010a) . Different reservoirs of Heidimiao (H), Saertu (S), Putaohua (P), described in Feng et al (2010a) 
Results
the single grain ages (SGAs) are illustrated in Fig. 5 . All the indicate a simple thermal cooling according to the geologic settings ( Fig. 5(c) ).
Vertical distribution
Formations are good insulators for vertical heat transfer, Qingshankou and the Nenjiang Formations) and of the Formation) respectively (Fig. 6 ).
Formations are taken into consideration, the overall age segments of the Qingshankou Formation have more SGA 
Interpretation and discussion
period that are younger than their depositional ages and thus indicate that the samples have been heated up to the total from the main seals of the Qingshankou and Nenjiang (Continued) and the seals and their geologic significances are discussed
Burial heating
Burial heating (due to either increased thermal gradients magmatism as indicated by precise Ar-Ar dating results of the volcanic rocks in northeast Asia (Wang et al, 2006a) . We from R o procedure (ISO, 1994; ICCP, 1998) . Only those data having ones proposed for good estimation of the mean random R o of dispersed organic matter (DOM) according to Barker and R o R o from R o in the NPZ is more systematic, but R o from the NUZ is more the increasing burial depth. When the burial depth <1,100 m, the deepest burial depth that has been sampled for our (Fig. 7(c) ).
indicated by the R o change from type I sapropelic kerogen in the CDZ to type III terrestrial kerogen at the margin due to changes in the depositional environments. As a result, the main kerogen types in the Binbei district are type II and type III kerogen needed for the same organic maturation that has been proposed for type I kerogen in the CDZ (Hutton and Cook, might prohibit the metamorphism of the organic matters distributed abnormal high pressure systems in the CDZ of the Songliao Basin (Xiang et al, 2007) . In this district, there are no abnormal pressure systems above the Quantou Formation because the upper boundary of the abnormal system is at the burial depths of the Quantou Formation (Xiang et al, 2007) . Abnormal high pressure systems might have existed before the inversion of the Songliao Basin. If R o from the Binbei R o from the CDZ (Yang et al, 1985; Zhou and Littke, 1999) .
According to the thermal evolution of the source rocks in the CDZ, the threshold of hydrocarbon generation is at a burial depth of 1,300 m and an R o R o < 1.0%
corresponds to the maximum burial temperature of 60-above defined thermal history has been proved by other independent parameters, such as spore colors, compositions of the kerogen (H/C ratio and O/C ratio), through thermal 
3) Pathway systems
the permeable sandstones and unconformities or the faults and fracture systems (Lin et al, 2009) (Fig. 1, Fig. 2 ).
to be annealed. Sample SBA3 is from the main seals of the Qingshankou Formation that deposited during the sandstone in the seals is discrete and cannot form continuous It is hard to provide more evidence to prove the aboveinformation.
Cretaceous periods. At the same time, one sample records another age of the early Eocene (41±3 Ma). Whether they are (Yang, 1985; Lu et al, 2009;  important implications for hydrocarbon exploration in the Binbei district.
Thermal overprinting
Hydrocarbon exploration under the guide of conventional hydrocarbon exploration around local pods of active source rocks in the Binbei district has never gained a prominent R o (Fig. 7) and by the Qingshankou Formation. exploration around the active source rocks should be changed to look for the hydrocarbons that have migrated from the both on the vicinity of the mature source region (samples R o that have been buried up to the threshold of hydrocarbon generation (Yang et al, 1985) before the Paleocene justify our assumption of the large-scale hydrocarbon migration together evidence from the composition and the geochemistry of the natural gas and the crude oils has demonstrated a long range hydrocarbon migration in the basin (Feng et al, 2003; Xiang et al, 2004; 2005) .
Conclusions
its thermal history and has important implications for from the main seals of the Qingshankou (the youngest depositional age of 89.3 Ma) and Nenjiang (the youngest the depositional ages, indicating partial or no annealing. 
